Background Neglected congenital muscular torticollis is rare in adults but may be associated with pain and cosmetic problems. The efficacy of surgical correction in these patients has not been well established in the literature. Questions/purposes We sought to describe (1) the primary goals that influenced adults with neglected muscular torticollis to seek surgical correction, (2) improvements of patients' function (specifically ROM) and radiographic parameters associated with deformities, (3) patient-derived outcomes using a previously published scale that includes function, and cosmesis, and (4) complications associated with sternocleidomastoid release in one surgeon's series of patients.
Methods
We retrospectively reviewed the records of all adult patients who had surgical release of the sternocleidomastoid muscle between 2003 and 2011 by one surgeon and who were followed up for more than 1 year after surgery; 42 of these procedures were performed, and complete followup was available for 37 of them (88%). The mean age of the patients was 27 years (range, 18-48 years), and the minimum followup was 1.5 years (mean, 2.4 years; range, 1.5-4.7 years). The primary goal of the operation for each patient was determined to assess if it was met. Functional outcomes were assessed in terms of motion deficit: lateral flexion and rotation. Radiographic outcomes were assessed for cervicomandibular angle, lateral translation of the head and neck, and Cobb's angle of the cervicothoracic spine. The overall clinical results of surgery were assessed with the modified Cheng and Tang scoring system, and complications were tallied from a chart review. Results The primary goals of surgery were cosmesis in 17 (46%) patients, pain in 11 (30%) patients, and function in nine (24%) patients. Patients for whom pain was the primary goal of surgery were older than the other patients. ROM and radiographic parameters associated with deformity consistently improved in these patients (p \ 0.001 in all planes), and the overall results according to the modified Cheng and Tang scoring system indicated that 21 (57%) patients had an excellent result, 12 (32%) had a good result, and four (11%) had a fair result. There were no serious complications and no reoperations in these patients. Conclusions Sternocleidomastoid release was beneficial for the treatment of neglected congenital muscular torticollis in adults and was not associated with any serious complications. Surgical treatment led to cosmetic and functional improvements and relieved pain originating from the muscle imbalance brought about by the longstanding deformity.
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Introduction
Muscular torticollis is a condition in which the sternocleidomastoid muscle is shortened on the affected side, leading to ipsilateral tilt and contralateral rotation of the face and chin. Congenital muscular torticollis is common in the neonatal period. It usually presents as a hard mass of the sternocleidomastoid on the involved side accompanied by a characteristic posture. With time, the hard mass subsides and the affected muscle becomes a tight band. Before this transition period, early diagnosis and physical therapy usually lead to normal neck motion without residual deformities [7, 8] . For patients whose symptoms and signs persist, surgery may be indicated. If untreated, muscular torticollis may result in permanent craniofacial deformities [10, 17, 18] .
The timing of surgery for muscular torticollis is the most important factor influencing outcome. Some authors believe that the best outcomes are obtained when the patient is between the ages of 1 and 4 years [3, 4, 10, 13] . After the age of 5 years, the efficacy of surgery is reduced owing to irreversible craniofacial deformity. Although static change remains, sternocleidomastoid release is still beneficial in older children, and cosmetic and functional improvements have been reported after surgical intervention in these patients [5, 11, 12, 21] .
In contrast, surgical treatment of neglected muscular torticollis after skeletal maturity in adults is controversial. Ling [13] stated that operative treatment is of little value after skeletal maturity and may lead to more complications. However, a few small case series have shown good clinical outcomes in terms of ROM of the neck and cosmetic correction in adults with neglected muscular torticollis [15, 16, 19] .
We therefore sought to determine (1) the primary goals that influenced adults with neglected muscular torticollis to seek surgery, (2) improvements of patients' function (specifically ROM) and radiographic parameters associated with deformities, (3) patient-derived outcomes using a previously published scale that includes function, and cosmesis, and (4) complications associated with sternocleidomastoid release in one surgeon's series of patients.
Materials and Methods

Patients
We retrospectively reviewed the medical records of patients who had surgical release of the sternocleidomastoid muscle for neglected congenital muscular torticollis between 2003 and 2011 at our institute. This study was approved by the institutional review board. Inclusion criteria were (1) congenital muscular torticollis as confirmed by the Ballock and Song algorithm [2] ; (2) skeletal maturity; and (3) no history of surgical treatment for the deformity. Forty-nine patients were seen at our institute for torticollis, three of whom did not have muscular-type torticollis. These three patients were referred to another department. Surgery was performed on 42 patients who wanted surgical correction among the 46 who had neglected congenital muscular torticollis. We reviewed all patients who were followed up for more than 1 year after surgery, leaving a total of 37 patients (15 men, 22 women); five (12%) of the patients were lost to followup less than 1 year after surgery. The mean age of the patents at the time of surgery was 27.4 years (range, 18-48 years). The right side was involved in 24 patients and the left in 13. All patients underwent sternocleidomastoid muscle release (unipolar in 24, bipolar in 13) ( Table 1 ).
The minimum followup was 1.5 years and the mean followup was 2.4 years (range, 1.5-4.7 years).
Surgical Technique and Postoperative Care
A uniform surgical method of distal unipolar or bipolar release was performed by the senior author (JSS). The type of release was determined intraoperatively to obtain complete release and reduce surgical morbidity. Bipolar release was done when manipulation could not give adequate correction after unipolar release. Under general anesthesia, the patient lay supine with the head turned away from the affected side. With a unipolar release, a skin incision was made transversely 2 cm above the clavicle of the affected side ( Fig. 1A) . After protecting the external jugular vein and dividing the platysma in line with the incision, the deep cervical fascia was entered, and the two heads of the sternocleidomastoid muscle were identified. The tight band and muscle were divided by electrocautery (Fig. 1B) . The patient's head then was maneuvered from side to side to test the extent of the release (Fig. 1C-D) . The remaining tight deep fascia and additional contracted bands were released completely. Bipolar release of the sternocleidomastoid muscle was performed at its insertion of the mastoid process when the deformity was so severe that it could not be corrected by manipulation after unipolar release. Muscle resection or Zplasty lengthening was not performed in any patients. One day after surgery, neck-stretching exercises with halter traction were performed. One week after surgery, the traction device and stitch were removed. A brace then was applied for 6 to 8 hours a day for a mean of 6 weeks to maintain a slightly overcorrected position with the chin tilted toward the affected side and the head tilted toward the contralateral side. The patients were taught to perform the stretching exercises for at least 10 minutes four to six times daily. 
Evaluation
We determined the primary goal for surgery (ie, the most important reason that the patient chose to have surgery) from the medical records. There were three possible reasons for surgery: pain, function, or cosmesis. At the time of surgery, many patients reported having more than one problem (for example, cosmesis and pain). In such cases, we asked the patients to choose the most decisive reason among these problems and recorded it as the primary goal of surgery. Physical examination was performed preoperatively and at the latest followup. Neck ROM, including rotation and lateral bending, was measured with a handheld goniometer and compared with that of the contralateral side to calculate the motion deficit. The difference in the chinto-eyelid distance was measured for evaluation of facial asymmetry. Preoperative and latest followup plain radiographs were evaluated. Radiographic evaluations were performed by two independent examiners (KHK, JHK). We calculated the mean value of two different measurements. The cervicomandibular angle was measured from the AP radiograph of the cervical spine to quantify the degree of head tilt. The cervicomandibular angle was defined as the angle between a line along the upper border of the C7 vertebral body and a line connecting the lower margins of the mandibular angle [20, 21] (Fig. 2A ). Cobb's angle of the cervicothoracic spine was measured to evaluate the reversibility of secondary scoliosis. The lateral shift of the head was measured on the AP radiograph of the standing whole spine. Lateral shift of the head was defined as the distance between the central sacral vertical line and the central C1-C2 vertebral body vertical line (Fig. 2B) . The overall results of surgery were assessed with the modified Cheng and Tang scoring system [6] , which focuses on function and cosmetic appearance. Complications associated with surgery were obtained from the electronic medical records.
Statistical Analysis
Statistical analyses were performed with SPSS software for Windows, Version 20.0 (SPSS, Chicago, IL, USA). Probability values less than 0.05 were considered statistically significant. The Shapiro-Wilk test was used to assess normality. Paired t-test and Wilcoxon signed rank test were used to compare the mean ROM and the radiographic index (cervicomandibular angle, lateral shift, Cobb's angle) before and after surgery. The patients were divided into three groups based on their main preoperative complaint: pain, function, or cosmesis. Kruskal-Wallis tests were performed to compare preoperative variables (rotation, lateral bending, cervicomandibular angle, lateral shift, Cobb's angle, chin-to-eyelid distance) in each group. Oneway ANOVA and the Kruskal-Wallis test were used to determine if there were differences in surgical method according to the preoperative severity. Pearson correlations were used to identify preoperative factors that were associated with preoperative lateral translation.
Results
The primary goals for surgery were cosmesis in 17 (46%) patients, pain in 11 (30%) patients, and function in nine (24%) patients. The patients for whom pain was the main reason for surgery were older than the patients for whom the main reason was function or cosmesis; likewise, the patients for whom cosmesis was the main reason for surgery were younger than the patients in the other two groups. With the exception of age, no other preoperative variables that we evaluated differed in relation to the primary goal of surgery (ie, pain, function, or cosmesis).
ROM and radiographic parameters associated with deformity consistently improved after surgery in these patients. The mean preoperative rotational deficit was 21.35°(range, 0°-50°), and the mean lateral flexion deficit was 32.97°(range, 10°-60°); these values were reduced to a mean of 4.32°(range, 0°-20°) and 7.29°(range, 0°-20°) at the latest followup (p \ 0.001; Fig. 3A ). The mean preoperative cervicomandibular angle was 17.8°(range, 5.1°-37.1°), and the mean preoperative cervicothoracic Cobb's angle was 12.37°(range, 0.9°-38.1°); these values were reduced to a mean of 6.58°(range, 0.2°-32.9°) and 9.13°(range, 0°-26.2°), respectively, at the latest followup (p \ 0.001; Fig. 3B ). The mean lateral shift of the head improved from 21.06 mm (range, 1-69.6 mm) preoperatively to 8.99 mm (range, 0-49.5 mm) postoperatively (p\ 0.001; Fig. 3C ). Preoperative lateral shift of the head was not significantly correlated with preoperative rotation or the lateral bending deficit. However, preoperative lateral translation was significantly correlated with the preoperative radiographic index (cervicomandibular angle, Cobb's angle) and the chin-to-eyelid distance (p \ 0.05). The preoperative radiographic index showed a particularly strong positive correlation with lateral shift of the head: the correlation coefficient between the cervicomandibular angle and lateral tilt was 0.709, and the correlation coefficient between Cobb's angle and lateral tilt was 0.732.
The overall results from the modified Cheng and Tang scoring system [6] indicated that 21 (57%) patients had an excellent result, 12 (32%) had a good result, and four (11%) had a fair result. The main reason for less than excellent results using this scoring system was attributable to residual craniofacial deformity.
There were no significant complications associated with surgery nor were there any reoperations to treat residual or recurrent band formation.
Discussion
Whether surgical treatment of neglected adult muscular torticollis is effective remains controversial. Craniofacial asymmetry is irreversible in adults [1, 10] , and the risk of complications after surgery is greater than in children [13] . Moreover, in adults, complete contracture release through sternocleidomastoid muscle release alone is difficult because of the long-standing adjacent tissue contracture [13, 14] . However, our findings suggest that sternocleidomastoid muscle release is beneficial for treatment of adult neglected congenital muscular torticollis and that it is not associated with any serious complications (Fig. 4 ). We found that adults with neglected torticollis chose to have surgery for cosmesis, pain, or functional reasons (in that order), and that surgical treatment led to diminished pain, improved ROM of the neck, and improved head tilt and lateral translation, although craniofacial deformities remained.
Our study has some limitations. First, it was a retrospective case series that did not include a control group. We cannot fully assess how effective it was for each patient complaint (cosmesis, pain) compared with nonoperative treatment because we did not treat any patients nonoperatively. For example, for 30% (n = 11) of our patients who had pain, we could not definitively confirm that surgery was superior to conservative treatment. Second, the followup was short and 12% of the patients were lost to followup so we cannot definitely confirm that relapse of contracture does not ever occur. Our results might be an optimistic summary of what is possible with this operation. In addition, this approach has limited value for correcting craniofacial deformity; we think that craniofacial deformities from neglected torticollis in adults do not improve much after surgery, and our results on the Cheng and Tang scale and the chin-to-eyelid distance tend to confirm this.
In our study, the largest proportion of patients chose to have surgery for cosmetic reasons, followed by function, and then pain. In contrast to children, many of the adults (n = 11) in the current study stated that pain relief was the main goal of surgery. We also found that patients for whom pain was the main goal of surgery were older than patients for whom the main goal was function or cosmesis. The radiographs did not show any degenerative changes that might cause cervical pain. Most patients reported shoulder pain on the affected side which subsided a few months after surgery.
We found that ROM and radiographic parameters associated with deformity consistently improved in adult patients with neglected torticollis who were treated with unipolar or bipolar release. However, improvement of radiologic parameters related to deformity was suboptimal in comparison to what we could achieve in improvement in ROM and function in almost all patients. In addition, compensatory cervicothoracic curvature was not completely resolved after surgery. It seems that there was deformity of the cervical spine and the occipitofacial bones attributable to the long-standing deformity. Additional study regarding cervical spine deformity after long-standing sternocleidomastoid muscle contracture is needed. We used several radiographic indices to quantify the severity of the deformity. For example, we used the cervicomandibular angle to evaluate head tilt, and we described the use of lateral shift of the head as a radiographic index. The aesthetic problems experienced by patients included head tilt, facial asymmetry, and axial translation of the head. We defined axial translation of the head as the length of the vertical line between the axis of the body and the axis of the head. The validity of the cervicomandibular angle has been reported in a couple studies [20, 21] . Because our study is the first, to our knowledge, to assess lateral shift of the head, we performed statistical analyses to validate it. The analysis showed a strong positive correlation with the cervicomandibular angle and Cobb's angle, suggesting that our assessment of lateral shift of the head was valid.
Our findings using the Cheng and Tang scale [6] that most patients had an excellent overall result, but that an important minority of patients did not, are similar to other reported results [11, 15, 16, 19] (Table 2 ). In a prospective study of 14 patients who underwent bipolar sternocleidomastoid muscle release, Omidi-Kashani et al. [15] reported that operative treatment of neglected congenital muscular torticollis in adults led to improved quality of life through improved neck movement and head tilt. Using the modified Lee's scoring system, they found that nine patients had excellent results, five had good results, and two had poor results. Patwardhan et al. [16] examined a retrospective case series of 12 adults with neglected congenital muscular torticollis and found that surgical treatment through bipolar release of the sternocleidomastoid muscle and Z-lengthening led to excellent clinical and functional outcomes. They used two scoring systems, the modified Cheng and Tang score and modified Lee's score, and found that all patients had excellent, good, or fair outcomes. In addition, our study had several advantages over previous studies such as a larger sample size, and we obtained objective data based on a radiographic index that allowed us to quantify subjective data.
Although Ling [13] suggested that performing these procedures in adults can result in a high risk of complications, we did not find this to be the case. None of our patients experienced nerve injury (accessory and greater auricular) or problematic lateral column loss of the neck [9] . In our patients, intraoperative stepwise release when determining extent of surgery avoided unnecessary dissection. Furthermore, the sequential approach was beneficial for avoiding problematic loss of the lateral column, so a normal neck line could be preserved without surgical reconstruction of the sternocleidomastoid muscle.
We found sternocleidomastoid release to be beneficial for treatment of neglected congenital muscular torticollis in adults, in that it improves ROM and pain, and was not associated with any serious complications, although adults have more severe deformities that do not completely correct after surgery. Surgical treatment led to cosmetic and functional improvements, and it relieved the pain originating from the muscle imbalance brought about by the long-standing deformity. 
